Biomechanics of cross-country skiing by 藤田 善也
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 (Platinum power grip Karhu ski Oy, Finland) 
 (N11-FA-5-1000-11 Showa 
Measuring Instruments Co. Ltd., Japan) 
 ( 3.2.1) 
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750 g
 (LUR-A-1KNSA1, Kyowa Electronic Instruments Co. Ltd., Japan) 
 (Yuatsu Power R-1, Riken Seiki Co. Ltd., 
Japan) 
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6.07 ± 0.09 m/s
5.56 ± 0.35 m 1.1 ± 0.07 
Hz  
3.2.2
100 ± 20 N 63 ± 12 N
202 ± 48N 106 ± 18 N
101 %
84 %  
3.2.1 V2
 
velocity (m/s) 6.07 0.09
stride (m) 5.56 0.35
pitch (Hz) 1.1 0.07
poling time (s) 0.28 0.01
pole swing time (s) 0.64 0.05
glide time (s) 0.66 0.09
push-off time (s) 0.5 0.04
ski recovery time (s) 0.68 0.05
N = 6.  All values showed mean SD.





Ski mean force (N)
630 119 202 48 1175 106
vertical
N = 6.  All values showed mean SD.
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High 0.31 58 164 82
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High 0.22 58 170 84
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 (LUR-A-1KNSA1, Kyowa Electronic Instruments Co. Ltd., Japan)  (Yuatsu 
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1.3 kg  (BP6001200, Advanced Mechanical Technology, 
Inc. USA) 
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2 kg  
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3.4.2   
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3.4.3 V2  
 
aSignificant (P<0.05), aahigh significant (P<0.01) and aaahighly significant (P<0.001) different to low speed.
bSignificant (P<0.05 different to medium speed.
Low Medium High
Velocity (m/s) 3.50 0.21 5.09 0.24 6.31 0.55
Cycle rate (Hz) 0.85 0.07 1.05 0.11aa 1.29 0.12aaa, b
Cycle length (m) 4.12 0.43 4.88 0.54a 4.92 0.50aa
Upper body work
Poling time (s) 0.34 0.04 0.26 0.04aa 0.22 0.02aaa, b
Poling peak force (N) 53.62 15.31 87.73 26.96a 138.21 72.64a
Poling mean force (N) 36.3 10.57 56.78 20.16a 79.8 44.32a
Leg work
Glide time (s) 0.86 0.09 0.64 0.10aa 0.50 0.06aaa, b
Glide peak force (N) 680 40 695 44 743 41a
Glide mean force (N) 531 34 503 32 466 41a
Push-off time (s) 0.50 0.09 0.46 0.06 0.42 0.04
Push-off peak force (N) 699 36 863 53aaa 991 77aaa, b
Push-off mean forcce (N) 526 23 573 23a 583 34aaa
Lowest force (N) 480 41 393 59aa 251 96aa, b
Cycle characteristics
0.84 0.08 0.70 0.07aa 0.56 0.07aaa, bSwing time (s)
7.7 2.1 10.1 3.0 13.7 6.1Poling peak force
per push-off peak force (%)
3.4.1  
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140 cm 145 cm  (Yoko Platinum PG, Karhu Sporting 
Goods Oy, Finland) 
112 g
2 2  (LUR-A-1KNSA1, Kyowa Electronic Instruments 
Co. Ltd., Japan)  (Yuatsu Power R-1, Riken Seiki Co. Ltd., Japan) 
 ( 3.4.2) 
 (610A, Marwe-products Hyvinkään Kumi Oy, Finland) 
 (N11-FA-5-1000-11, Showa Measuring Instruments 
Co. Ltd., Japan) 
1.3 kg  (BP6001200, Advanced Mechanical 
Technology, Inc. USA) 
 (NR-600, 
Keyence Co. Ltd., Japan) 
2 kg  
 
3)  
50m 20m 2  (Wireless 
sprint system, Brower timing system, USA) 
 ( Normal ) 3-5
2 5
5-10























Velocity (m/s) 5.95 0.22 6.3 0.18 0.001
Stride (m) 4.46 0.16 4.23 0.15 0.073
Pitch (Hz) 1.34 0.09 1.49 0.06 0.009
poling time (s) 0.22 0.02 0.21 0.02 0.188
glide time (s) 0.45 0.07 0.3 0.01 0.006
flight time (s) 0.14 0.01
push off time (s) 0.42 0.05 0.35 0.04 0.041
poling peak force (s) 111 8 141 12 0.002
poling mean force (s) 75 10 87 9 0.022
push off peak force (s) 920 164 979 159 < 0.001
push off mean force (s) 506 69 600 62 < 0.001
N = 5. All value shows mean SD.
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Zory et al. (2009) 1200 m
12
3











 ( 20.2 ± 0.8 174.4 ± 5.5 cm
71.9 ± 3.1 kg) 











Poling phase Swing phase
pole contact pole separation pole contact
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30 m  ( Lap1) 3
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11 2 1 100 %
 ( 4.2.4)  
 
3)  
 ( 4.2.5)  
(NR-600, Keyence)  Lap1 Lap3
PC
 (LUR-A-1KNSA1, Kyowa Electronic Instruments Co. Ltd., Japan) 
 (Yuatsu Power R-1, Riken Seiki Co. Ltd., Japan) 




Lap1 Lap3  (
)  ( ) 
 ( ) 
T Lap1 Lap3 1   (0-100%) 
2  (Lap×10 % ) 
Bonferroni
5 % 10 %   
 
3.  
4.2.1 Lap1 Lap3 1
Lap1 Lap3
1
100 % 0-30 % 30-100 %  
4.2.6 1
 (0 ) Lap1 Lap3
 (20-40 % ) 20 % Lap1 Lap3
30-40 %
 (50-100 %) 
70-90 % Lap1 Lap3
70-100 % 50-100 %
50-60 % Lap1 Lap3
  
Lap 1 Lap 3
6.81 0.23 6.21 0.22
5.56 0.47 6.05 0.40
1.23 0.06 1.03 0.06
0.28 0.01 0.31 0.03
0.53 0.05 0.65 0.05


















Distance of pole contact to foot (m)
Poling peak force (N) horizontal
vertical
Poling mean force (N) horizontal
vertical
Poling impulse (Ns) horizontal
vertical















All values shows mean standard deviation. N = 5.
1.92 0.05 1.96 0.13Poling phase 0.64
3.64 0.45 4.09 0.37Swing phase 0.06
4.2.1  
 4.2.6 Lap1( ) Lap3( )

















































































































Lap 1 Lap 3
Poling phase
Foot A.V. (deg./s) 
Shank A.V. (deg./s)
Thigh A.V. (deg./s)
Forward arm A.V. (deg./s)
Upper arm A.V. (deg./s)
Variables P-value
All values shows mean standard deviation. N = 5.
A.V.: angular velocity.
-80.6 37.9 -33.0 24.6
-60.8 12.2 -45.9 18.3
-142.3 7.9 -96.3 24.7
540.3 62.5 500.9 74.2
398.2 52.0 334.5 30.2
80 23.1 73.4 15.7
40.7 16.8 26.2 10.7
29.4 10.3 18.8 4.0
78.8 16.5 48.2 10.8
-283.2 23.4 -227.5 18.8
-187.9 21.1 -138.3 8.5
-33.2 11.4 -27.5 3.9
Trunk A.V. (deg./s)
Swing phase
Foot A.V. (deg./s) 
Shank A.V. (deg./s)
Thigh A.V. (deg./s)
Forward arm A.V. (deg./s)
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